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A hybrid system is a dynamical system composed of state variables, their contin-
uous dynamics by ODEs (Ordinary Differential Equations) and discrete transitions.
This can be used for modeling systems such as cyber-physical systems equipped with
sensors and actuators and interacting with the physical environment. HyLaGI is an
interpreter of the hybrid system modeling language HydLa and features symbolic anal-
ysis using Mathematica. HyLaGI can simulate exact behaviour of hybrid systems and
can preserve parameters in initial values as symbols in solutions. However, HyLaGI
cannot deal with nonlinear ODEs which cannot be analytically solved. The purpose
of this research is to calculate the guaranteed-accuracy solution to a hybrid system
containing nonlinear ODEs by converting it to an over-approximated hybrid system.
Although we cannot obtain an exact solution to a hybrid system because of over-
approximation, parameters in the initial values of the hybrid system are preserved
as symbols in the solution. Therefore, it is possible to investigate the dependence
between the solution and the initial value.
In the proposed method, first we obtain the set of linear ODEs by calculating
parallelotopes enclosing the nonlinear function constituting the original ODEs. Next,
we convert these linear ODEs to a hybrid system that has discrete changes that
represent transitions between each parallelotope. Then, we analyze this hybrid system
using HyLaGI’s interval mode. We implemented the above method in HyLaGI as a
nonlinear mode, and we experimented and evaluated it using examples. As a result
of the experiment, for the ODEs consisting of one variable and two variables for
nonlinear functions, we succeeded in computing the guaranteed-accuracy solutions
which preserved parameters in initial values as symbols.
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?????? 2.1 HydLa ?????
1 INIT <=> y = 10 & y’ = 0.
2 FALL <=> [](y’’ = -10).
3 BOUNCE <=> [](y- = 0 => y’ = -4/5 * y’-).
4
5 INIT, FALL << BOUNCE.































??????????????????????? 3.1 ??????????HydLa ?
????????????????????????????????????????
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1 INIT <=> x = 0.
2 UPDATE <=> [](x’ = x^2 + 1).
3
4 INIT, UPDATE.
5 // #hylagi --fnonlinear_vars x
??????? HyLaGI ???????????????????HyLaGI ???
















fm(x) := f(xm) + f
′(x)(x− xm) (xm ∈ x) (3.1)
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1 INIT <=> x = 0.
2
3 Update0 <=> [](p- = 0 => x’ = x*A0 + B0 + C0*w).
4 Update1 <=> [](p- = 1 => x’ = x*A1 + B1 + C1*w).
5 ...
6
7 JumpL1 <=> [](p- = 1 & x- = S0 => p = 0).
8 JumpL2 <=> [](p- = 2 & x- = S1 => p = 1).
9 ...
10
11 INIT, 0 <= w <= 1, [](w’ = 0), ([]p’ = 0, Update0, Update1,
...) << (JumpL1, JumpL2, ...).
3.5 HyLaGI ????

























???????????????????? a, b ???? f(x) = −(sin(x)− ax+ b)?
????????????
???a ∈ [−0.23,−0.05], b ∈ [0.77, 0.85]?????????????????? 3.5
???????????????????????????????????????




































??????? θ(0) = 20[deg]???? θ(0) = 60[deg]?????????????
?????????????????????????????? g = 9.8?l = 5 ?
???
????????
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? 4.1 ??????????????????
???????????????????????????????????????
????????θ(0) = 20[deg] ? θ(0) = 60[deg] ???? 2 ???????????
????????????????????????????????????????










= K(1− q2)p− q (4.4)
???? p(0) = 0, q(0) = 1?????K = 0.25??????????
?????????????? 4.2 ????
??? p, q ??? [−3, 3]??????? 300000????????????PP51??
? t = 2.18???????????????????????????????????
????????????????????????????????????????



















l ≤ 5.0625 ???????????????????? θ(0) = 10[deg]???????















([−1.966,−1.935] + t− 0.0061len)
(4.5)
????len??????????????????????−1 ≤ len ≤ 1????
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